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EXTENDED ABSTRACT

The Galileo Retropropulsion Mddul e (RPM) has performed excellently
during nearly seven years of Glileo m ssion operations. The RPM
was provided by the Federal Republic of Germany to NAsA to provide
directed inpulse to the Galileo spacecraf t_ during al 1 phases of
the Gali ] eo mi ssion fol ] owing Inertial Upper Stage (I US) jett i son.
Gali 1 eo i S an ambitious , international int erpl anetary missi on to
the p] anet Jupi ter consi sting of a Jovian atnosphere ¢ entry probe
and a Jupi ter orbit er. A VEFGA (Venus- Farth-karth Gravi ty Assi st )
i nterpl anetary traject ory was ut i 1lized to obtain sufficient.

orbi tal energy to reach Jupiter . A first, i n  planetary
expl oration, the @lileo spacecraft uti lizes a dual -spin design,
for opt i m] sci ence return. The release of the probe in July,
1995 occurred as planned and the orbi ter becane the first
art. i f i cial sate] li te of an outer planet on December 7, 1995. Thi s
paper document. st he in- flight. per formance of the Gali leo
propul S i on system since July, 1993, the cut off elate for the |ast
conf erence paper (A1 AA 93- 2117, "Initial Gali leo Propul sion System

11-1- F] i ght. Character ization, “ 7.J . Barber, F. A Krug, and B. M
Froi devaux )

T'he  Gali 1eo RPM is a pressure -regulated 1 iguid bipropel lant
system ut i 1i =zingcarth-storable, hypergol ic: propel 1 ants. It is
mount ed on the spinning portion of the orbi ter; hence, no
propel 1 ant managenent devi ces  are needed. The  fuel is
monomethyl hydraz i ne (MMH) and the oxi di zer 1 S ni trogen tetroxi de
with 0.64% nitric oxi de (MON-1) . H gh- pressure hel i umgas i s
st. ored i n two pressurant tanks and is provi ded as needed vi a a
pressure regul at, or to the f our propel 1 ant tanks, two each of




oxi di zer and fuel . The propellant tank pressures were controlled
W t hin the relatively narrow range of about 1 “/.2 - 18.5 bar, for
opti mumthruster operati on, from shortly after 1 aunch unti 1 the
final regulator isolation on March 14, 1996.

The RPM contains 12 1 ON thrusters, 6 each on two boom nounted
thruster clusters . These thruster-s are used for attitude cont rol

of t he dual - spin spacecraft and for emall. interpl anetary
traj ect ory correction maneuvers (1Ms) and, ncwn, orbit trim
maneuvers (0TMs). The 1 ateral thrust ers I.1 B and L2B are used for
lat eral veloci ty 1 ncrements in 1TCMs/OTMs, and the P1A and P2A
thrusters are wused primarily for precession (balanced turn)

maneuvers . The |,-thruster coup] e may be uti li zed as the back--up
P-thruster couple and vice versa. 7The pPl A thrust er may al so ke
used to inpart a POSZ (+7z) ve] oci ty i ncrement (al ong the
spacecraf t. ' s spin axis) . There are four negative Z-thrusters, two
primary (z1B and Z2B) and two backup (z1 A and Z23) . These are
used i n TCMs/QIMs for NEGZ ( -7Z) vel ocity changes . Finally, there
are al so four spin thrusters, two primary ( S1A and $2a) and two
backup ( S1 B and S2B) . The S-thrust ers are used to control spin

rate to the! nomnal 3.1.5rpm and to spin up t. 0/ dw from
approxi mately 10. 5 rpm the manda ted spin rate for probe rel ease
and for the min engine firings. use of the main engine
(described below requires the higher spin rate to (centri fugal ly)
f urni sh suff i cient 1i quid propellant to the propel lant tank outl et,

port s« and to maintain spacecraft. atti tude duri ng these 1 arge
maneuver s

In addi tion to the assortnent of 1 O N thrusters, there i s one 400-

N rocket engi ne used for |arge Av maneuvers . Four 400- N mai n
engi ne burns have been executed by the orbi ter. The Wake - Up Burn
(WUB ) represented the first. in-flight test of the 400-N ¢ngine
components and was 1 imited to a durat ion of two seconds . Tt

o0 ¢cc urred in July, 995, three days bef ore the f i rst pro] onged use
of the mai n, engine . Thi s maneuve r, the Orbiter Def 1 ecti on Maneuver

(onM) di verted t_he orbiter from a Jupi ter - entry traj ectory
short. ] y follow ng probe rel ease . The Jupi ter Orbi t insertion
(001) s] owed Gali 1 eo down sufficiently to al 1 owgravit ati onal
captu re by Jupi ter on Decenber 7, 1995. Fina] 1y, the Peri jove
Rai se Maneuver  (PJR) occurred duri ng March, 1996 (whi le at
apoaps I S ) , | ncreasi ng the periapsi s of subsequent, orbits around

Jupi ter, for the purposes of radiati on damage m ti gati on.

Operati on of the Gali 1 eo 400-N engine brought. very dif f erent
chal 1 enges to the propul si on system given the six year “in- f] ight"
wait. tinme before it, s first use. 7The correct, operation of all
ha rdwa re components was part. i al 1y veri f ieel, c omponents Whi ch
i nclude | atch valves, a pneuma - i C engj ne Va] ve, an el ectromagnetj I
pi 1ot valve, propellant f 3 lters, oxidi zer and fuel check valves



and the pressure regulator. Fig. 1 represents the flow di agram

that was developed to accomplish these checks. In order t o
mi nimize the adverse effect of a valve failure (stuck open or
st uck closed) , two in-flight tests were perfornmed prior to the

f i rst nominal burn. Before pressuriz at ion of the pilot valve, the
400-N |atch valves were commanded (opened/cl osed) 25 tinmes. A 1
actuati ons were successful as indicat. ed by Reed swi tches. The
functi on of the pilot valve I S to pneuma tical ly actuate the engine
valve, whi ch starts a burn. A two- second wake- up burn was
performed to veri fy the engine valve and pilot valve open/close
function and also final ly coni irmed the open state of the 1 atch
va] ves during the burn.

A major effort during the preparati on of the 400-N burns was put
in the developnment of aut onomous on- board fault prot ection
routi nes to avoid mission criti cal i mpactsf rom ma] functioning
propul si on system hardware duri ng a burn. Potent, ial i nternal
hel i um 1 eaks im the pilot val ve were guarded against. by noni tori ng
the hel i umtank pressures and coul d have been mi tigated by firing
a pyrovalve and thus closi ng t-he open pilot valve port. ( “he] i um-
10ss” protection) . This wou 1d have requireel subsequent engine
operati on vi a the 1 atch valves on] y, an operat i onal node whi ch was
tested 3 n German ground tests. The “ over-pressure” al gorithm
checked the propel lant tank pressures agai nst an upper 1i mit . [I'!
WOUl d have i sol ated the pressure regul ator vi a a pyrovalve if a
1 eaki ng pressure regul ator woul d have raised the tank pressures
above a set 1 imt . A"l ine-pressure" protecti on was inp] emented to
shut down the engi ne i n case the propell ant. 1 ine pressures dropped
below a specif ied lim t., caused by plugged filters. Nom nal
changes i n tank pressures required e mai ntenance of the
threshol ds, especially for thel “helium-loss” protection. Risk
assessnents, fault probabi li Lies and the critical i ty of a given
mancuver for the mission led to the deci sion that. “he] i urn--1 o0ss”
protect. i on was to be used for al 1 three 400- N maneuvers, the
“over-pressure” protection for ODM and PJR and the “ 1 i ne- pressure”
prot ecti on only for E JR

The i n- f 1 i ght. charac teri zati on of the RPM i S now compl ete, havi ng
compl et. ed the f i nal. 400-N engine burn and i sol ated the pressure
regul at. or . Less than ten percent of the usable propel] ant- 1 ocad
remai ns on-board the orbi ter; however, this s i ght. amur it. of
propel lant i s suf ficient (W th margin) to execute the nominal two -
year, e leven -orbi t tour of Jupi t er. The' ent.ire sSyst. em has
performed well within speci f i cat ions. Theon 1y known hardware
fai lure in t-he RPM is the failure of four of the twelve 10- N
thruster tenperature sensors (non- essential sensors, which, by the
way, were added j ust. pri or to 1 aunch ant] whose mounti ng procedure
was never flight. quali fied) . lioss of these sensors has not had a
signi f i cant impact on i n- f 1 ight operation at all | since cluster



tenperature nmeasurenments offer sufficient, redundancy.

Though not indicative of a conplete hardware failure, there also

has been a significant linear drift noted on sone of the Galileo
tank pressure transducers. in fact, the transducers wth the
worst. drift rates are now out of specification. However, the

appl icabi lity of the specification may be in question given the
age of these sensors, due to the numerous |aunch delays which
delayed the @lileo mssion for a nunber of years.

Perhaps of nore interest-, there is evidently s Ot? hardware
degradation that caused highly restricted flow of helium through
the oxidizer and fuel check valves during 400-N engine firings.
Analysis of the launch pressurization data suggests that the full
required {low of helium through each check valve (of up to 0.36
g/s , necessary for 400-N engine burns) could be easily supported.
Therefore, the inability of the check valves to provide the
requi site helium flow, especially with first. the oxidizer and then
fuel check valve being affected, suggests that. NTO may have, over
time, caused S ome hardware degradation in the oxidizer check
val ve, and possibly in t-he fuel check valve.

Other evidence suggested that the oxidizer check valve might have
lost its reseat pressure or even became stuck-open; however,
unknown absolute tank pressure values (due to pressure transducer
drift) cloud this determ nation. Moreover, there IS good data
post- POR, fol lowing regulator i solation, that suggest. that the
oxidi zer check valve must be closed. The uncertainty in the state
of t-he oxi di zer check valvel 1 evi ed a particul ar chal 1 enge on the
f] ight team between ODM (July, 1995) and post -PJR (April , 1996} ;
namely, to keep tank pressures and temperatures nearly constant. to
avoi @ any chance of openi ng t-he fuel check valve and forci ng
oxi di zer vapor ( and any condensed NT0) | nto the MMH tubi ng and MMH
t anks .

The? pressuri zati on system was designed to ho] d the tank pressures
constant during a large (i . e. , 400- N engine) propel 1 ant expul si on.
The pressure regulat. or  perf ormed perfect-ly throughout  the
mancuvers. As indicated by the he] i un and propel 1 ant tank
pressures, the reconstruc ted regul at or charact crj st j ¢ (downst ream
pressure vs . upstream pressure and heli umf 1 ow rate) ref 1 ected the
pre - 1 aunch ground mecasurements, W th the caveat that t-he absol ute
1 evel of the downstream pressure i s unde terminable and may have
shi fted over tinme. However, restrictedheliurn f 1ow through the
check val ves resul ted i n 1 arger than anti ci pat ed Press yre drops in
both the oxidizer and fuel tanks

The oxidi zer check valve showed a flow restriction during al 1 400-
N engi ne maneuvers,, hav i ng a charact eristic: simil ar toaf i xed



orifice. Although the reseat. pressure could be zero (depending on
t he assunmed downstream pressure, which i S unknown due to pressure
transducer drifts), the data showed an existing cracking pressure
and evidence of a nominal checking function. From Fig. 2, which
represents the pressure drop across the check valve vs. the helium
flow rate on the oxidizer side, the check valve perforned
repeat. ably for the three maneuvers. The downstream pressure is
calculated from the two (out. of three) oxidizer tank pressure
transducers which show no relative drift to one another, and the
upstream -pressure is derived from a pressure regulator nodel based
on ground tests and in-flight data. In this scenario the oxidizer
check valve has lost its reseat. pressure.

The fuel check valve performance was different in each nmaneuver.
Fig. 3 illustrates this renmarkable change in characteristic. »at
ODM it showed the highest. so far observed cracking pressure, then
opened W der than required ("overshoot") and eventually delivered
the required kelium flow rate at a nominal pressure drop. At JA
the check valve showed a nom nal performance (regarding cracking
pressure and pressure drop at. full. helium flow . At PJR it was
flow restricted simi 1l ar to the oxi di zer check valve . However, the
flow restriction was even higher than on t-he oxidizer side and the
characteristic indicates that. the check valve was slowy opening
t hroughout the nmaneuver rat-her than being a fixed orifice. 7his
caused the? fuel tank pressure to decrease Throughout the burn and
end up 1 .5 bar |ower than predict ed.

The heat transfer from the liquid propel. llant components and the
tank walls into the ull age gas was signifi can t during changes in
tenperature and pressure. 7The polytropic coefficients cal cul ated
for the helium tank deplet ion as well as for the -propellant tank
blow- down phases demonstrated this. The low helium tank outl t-.
tenperatures (as low as -23 ©C) caused no concerns for the
propel 1 ant. components because mi Xi ng wi th the ul 1l age gas arid the
above menti oned heat transf er sufficiently 1 imited the cool ing
ef fect. on the gas i N the propel 1 ant tanks

Propel 1 ant vapor i S negli gible i n the fuel tanks. On the oxidi zer
si de, the poly tropi c: coeff i cient during b] ow- down was | ower (n :
1.1 8) conpared to the fuel tank (n = 1.4 ) due to the condensate on
heat of N10O vapor. Post burn, after the helium flow fill-up was
conpl eted, a sl ow vapor pressure buil dup caused the oxi di zer tank
pressure to increase f urther cowpared to the fuel si de . Vapor

pressure effects were even apparent. duri ng changes |1 tank
t enperatures after pressure regul at. or isolation, wher e the
vapori zati on/condensati on heat . of NTO I ncreased the

heat ing/cool i ng tinme constant of the oxidi zer tank compared to the
fuel tank

o



A total of twenty-five trajectory correct ion maneuvers (TCMs),
including ODM and JOI, and six orbi. t trim maneuvers (OTMs) ,
i ncludi ng PJIR, have been execut ed on the gpacecraft to date
(through mid-august, 1996) . Accelerometers were not used for
determi ni. ng thruster f i ring cutof f for Galileo 10- N TCMs/OTMs .
‘Ihe thruster burn tinmes were determned a priori via ground
software, then uplinked to the spacecraft. In contrast, all three
primary 400-N engi ne? maneuvers were term nated once the proper AV
had bheen obt ained, using a so-called gzccel erometer cut-off
(conversely, the WUB burn- time was speci fied a priori , simi lar to
10- N maneuvers ) . Thi s was necessary due to the high cost of
underburns or overburns for ODM, JO1 , and PJR

Tabl e 1 (two pages) represents an abbrevi ated TCM and OIM summary
W th respect to the RPM 1t nust. be emphasi zed that thi s table
represents, the!  TCM and OTM executi on errors determi ned by
navigation, which include error sources external to the RPM 1h e
desi gnat. | ons A¥y; and Av, represent the i nertial vel ocity change of
the spacecraft. i n the axi al and lateral di rections, respectively.
The 1 ast three columns of Tabl e 1 represent the execution errors
i 111 ONTCMs/OTMs, whi ch consi sts of errors i n predicti ng tank
pressures and propel lant. i n] et tenperatures, spacecraf t poi nt ing,
RpPM thruster off - nom nal performance, etc. For ODM, JOI, and PJR,
the f i nal col um actual 1 y represents the accelerometer cal ibrat ion
Qryrorxr.

From Tab] e 1, the errors in de] ivered AV to the spacecraft- may be

scen Lo be W thi n three percent ( three- si gma) . RPM reconstructi on
of TCMs/0OTMs has provi ded a breakdown of the error sources during
al 1 nmaneuvers . POSZ maneuvers had t-he 1 argest average
reconstruct ed errors i n early mission TCMs, due to the
overperformance of t-he P1 A thruster. Sof tware database changes
have been nmade to account for thi S overperf ormance, wWhi ch has
I mproved the accuracy of POSZ  TCMs/OTMs |, Note al so the

improvemen t i n the accel erometer cali brati on between ODM and JOI .

in addition to analyzing L-thruster, Z-thruster, and + PIA thruster

perf ormance i n TCMs /0TMs , the RPM mi SSi on operati ons t.<? amha S
anal yzed P-thruster, %- thrust er, and S-t, hruster perfornmances
during bal anced precessi on, unbal anced precessi on, and spin- rate
ch ange maneuvers, respectively. The S- thrusters appear to be
overperformi ng vs. ground test levels by 2-4%, while the P-
thrust ers are overperforming more si gni f i cant] y, by 6-7% . This P-
thruster overperformance i s of lit. tle con sequence for the

precessi on maneuvers, si nce they are used IN a closed |oop control
node by the Att i tude and Articul at ion Control Subsyst cm (AACS) |
Sim 1ar] y, the a-branch z-thrusters have been used for a total of
si xt een unbal anced turns to date (md--August., 1996) , with an
average overperf ormance near 2 % for the coup] e. 7The cause for the




general trend of 1 ON thruster overperformance vs. ground tests,
roughly between -1% and 7%, is still not known.

The RPM nission operations team has analyzed t-he 400-N thrust

performance during the three major burns . A ground-based software
mode 1, whi ch was al so used for the naneuver pl anni rig, takes the
t ank pressure tel emetry as i nput and calculates the thrust

profile. Because the absolute tank pressures are uncertain due to
the drifting oxidizer transducers, the analysis presented here is
based on the assunption that the oxidizer pressure is the average
of the three transducer readings. 7The 400-N engine underpecrformed
by 3% vs. t-he nodel with little variation for the three maneuvers.
About. 2.4% can be attributed to lower than modeled propellant flow
rates. A check with ground-test dat a suggested a smal 1l correction
downward of the simulated specific impulse of about. 0.6% By
taking these corrections i nto account for the design of JOQ and
PR, t-he average thrust, was off by 0.2% (for JOI) and 0.8% (for
PR) compared-~—to the predi cti ons. The 1 arger error on PJR was
main] y due to the flow rest rict ion i n the fuel check valve and the
resul ting 1 ow fuel. tank pressure.

Besi des tracki ng thruster performance, the RPMmi ssi on operat i ons
team i s cogni zant of the RPM-rel ated spacecraft. consumabl es .

These inc] ude thruster and latch valve cycl es, propel 1 ant

consumpt | on, Press urant gas and propel lant remai Ni ng. The usabl e
propel 1 ant. remai ni ng i s probably the most c¢rit i cal consumabl e 0 n
the spacecraft since it i s likely to bethe 1 i fe - limiting resource
for the mssion (al though radi oi sotope thermoel ectric generator
[ RTG) power output decay and accumul ated radiat i on damage from
Jupi ter are contenders as well ) . However, i t shoul d be not ed that
the Gal i 1 eo propel. ] ant margi n, defined as the propel 1 ant remaining
after the complet i on of t-he nom nal m ssion at. a ni nety - percent

conf i dence level , has inproved from -58 kg at 1 aunch to 41 kg
( I ncluding 13 kg of project- manager reserves ) . “1"hi s has been
accompl i shed through € xcellent navi gat i on, the selection of a low
del ta-v tour, and the shi f t of the Ganymede - 1 arri val date earl i er

by one Ganymede orbi tal peri od.

Tabl e 2 represent s a consumabl es Sunmary wi th respect to t-he RPM
to date (8/22/96) . A noteworthy change 3 n Tabl e 2 VS. the
cquivalent table in thel pri or A AA conference paper i s the
i ncrease of the 10— N thruster al ] owed valve cycl eg, from 2?3000 to

35000 cycles per thruster. Thi s was accompl i shed with addi tional
experi e nc e gai ned from ground testi ng. RPM consumabl e usage! has
been within expectati ons, arid t-he prospects for positive

consumabl e margi ns remai n excel 1 ent , even f or an extended mi SSi on.

The RPM analysis teami s responsi b] e f or maintaini ng propel 1 ant
tank pressures wi thi n ( somewhat. narrow) acceptabl e ranges for 1 ON




thruster operation. This represents a part icular challenge on
Gal ileo, since excess RI'G power is aut oncmously di ssipated i n the
RPM central body to maintain RPM tenperature instead of being

radi ated direc tly to space. Hence, the tank pressure control of
the RPM is a compl ex, interactive process involving the power,
thermal control, and RPM subsystens . However, this process has

been sinplified somewhat. with a re-engineeri ng effort. that only
al lows a few distinct. “power modes" to be used during the orbital
tour (with no loss of science data) . This, conbined with the
i solation of the pressure regulator post- PJR March, 1993, has nade
the task of propellant tank pressure and tenperature prediction
much sinpl er. However, the tank pressures currently encountered
in the Glileo mission (particularly on the fuel side, With a
severe fuel check valve restriction in pPJr, imediately prior to
regul ator isolation) are largely out-side! of well -tested regines,
both in-flight and on the ground. Suf f icient ground-test.
experi ence and ever-accunulate ng in-flight experience, though,
suggest that a pressure regulator never needs to brought back on-
1i ne, even by the ti nme of propel 1 ant depleti on.

| 0 summary, the Galileo RPM has perf ormed very wel 1 duri ng a

chal 1 engi ng seven years of missi on operati ons . An  extensive
character =zati on of the propul sion system is now compl ete, Wwith
routine use of the RPManti c¢i pated f or the bal ante of the Gal i 1 eco

nomi nal (and even possibl e extended) mi $s1 on.
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TCM/0TM SUMVARY TABLE (MANEUVER EXECUTI ON ERRCRS)

TCM/OTM DATE (S) MANEUVER AVZ AVL %ERR %ERR %ERR
DESCRI PTI ON __mn/s m/e Av, Av,, TOTAL
T 1 11/9/89- REMOVE LAUNCH
11/11/89 BIAS & 1ST 15.6 1,74 +1.7 +3.5 +1.7
i VENUS TARGET e
TCM-2 12/ 22/ 89 2ND & FINAL 0.16 0.72 42.2 +2.1 +2.1
VENUS TARGET POSY
1TCM-4A 4/9/90- 18T EARTH-1 - 24. 7 -2.3 2.3
) 4/ 12/ 90 TARGET PART 1 _ o
TCM- 4B 5/11/90- 1ST EARTH- 1 11.3 -2.4 -2.4
5/ 12/ 90 TARGET PART 2 | )
TCM- 5 7117/ 90 2ND EARTH-1 0."/2 0,59 +2.5 -0.2 +1.4
i — —.. IARGET_ _H
TCM- 6 10/ 9/ 90 3RD EARTH-1 0, 48 0.20 +0. 8 -1.6 +0.4
» - TARGET
TCM 7 11/ 13/ 90 FINAIL FEARTH-1 1.09 0. 66 +1.2 +1.3 +1.2
I TARGET__ _ | -
1TCM- 8 11/28/90 TCM-7 CLEAN-UP 0.02 0.05 11.2 -0.6 0.4
] o TCM POSZ
TCM- 9A 12/19/90 POST EARTH-1 5.29 -0.2 -0.2
i — CL,EAN- UP S | e
TCM- 9B 3/ 20/ 91 GASPRA 0.20 2.27 +0.5 +0.6 +0.6
) TARGET PART 1 POSZ _
TCcM- 10 “1/2/91 GASPRA 3.65 --- -0.9 -0.9
) TARGET PART 2
TCM- 11 10/ 9/ 91 GASPRA TARGET 0.09 0.34 +0.4 4+0.0 +0.0
L CLEAN-UP TCM POSZ
TCM-12 10/ 24/ 91 GASPRA TARGET 0.02 0.21 +0.6 +0.2 +0.2
CLEAN-UP TCM . _
U 14 8/4/92- 18T EARTH-2 0.41 21.0 +2.7 4+1.3 +1.3
» 8/ 7/92 TARGET _ _
TCM- 15 10/ 9/ 92 2ND EARTH- 2 0. 40 0.61 +0.4 +0. 8 +0. 6
8 TARGET
TCM- 16 11/ 13/ 92 FINAL EARTH- 2 0.89 -0.5 -0.5
77777 TARGET L .
TCM- 17 11/ 28/ 92 EARTH-2 TARGET 0.02 0.02 +0.0 +0.0 4+0.0
] CL.EAN-UP TCM -
TCM- 19 3/9/93 FINAI, IDA 2.12 - -0.3 -0.3
7 TARGET _
TCM- 20 8/ 13/ 93 IDA TARGET 0.07 0.61 -0.3 +0.5 +0. 4
) - CLEAN-UP TCM -
TCM- 22 10/4/93- FINAT, PROBE 38.6 -0.2 -0.2
- 10/ 8/ 93 _ ENTRY. TARGET _ I
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TCM/0TM_SUMVARY TABLE (MANEVER EXECUTI ON ERRORS) (cont)
TCM/OTM DATE ( S) MANEWER Av Av %ERR %ERR %ERR
DESCRI PTI ON z - TOTAL
_ n/s _mis | _Avy Avy,
TCM-22A 2/ 15/ 94 PROBE TARGET 0.09 0.04 -0.2 +0.0 -0.1
CLEAN-UP 1CM _ POSY, _ 3
T Cw 23 4/ 12/ 95 PROBE TARGET’ 0. 05 0.06 -0.3 +0.0 -0.1
CLEAN-UP TCM POSY .
T CM 25 7127/ 95 WAKE-UP BURN & 66. 27 -1.3 1.3
(onpM) |.(-//24 wuB) |ORBITER DEFL. _
T CM 26 8/ 29/ 95 1ST & FINAL ODM 0. 86 0.44 -0.8 -0.2 -0.6
CLEAN-UP TCM N _ | _ _ _
' CM 29 12/7/795 JUPITER ORBIT 644, 4 - +0.1 +0.1
_(.T0]) 3NSERTI ON o .
OTM- 3 3/14/% PERIJOVE RAISE 377.1 - -0,2 - -0.2
( PJR ) NANEUVER o
OTM-4 5/ 3/ 96 1ST 61 T ARGE' I 0.45 1.17 40.3 -0..1 +0.0
. CLEAN-UP OTM I
OI'M 5 6/ 12/ 96 2ND G1 TARGET 0.18 0.50 -0.1 -0.1 -0.1
e CLEAN-UP OTM __ POSY,
OTM- 6 6/ 24/ 96 FINAL Gl TARGET 0.06 0. 48 +1.1 -0.4 -0.2
CLEAN-UP OTM __Posy - _
oM 7 6/ 30/ 96 18T POST-GI1 0.58 ---- +0. 3 - —— +0. 3
| . .. — -} — CLEAN-UP OTM_ __ | FPOSZ -
0 - 8 8/5/96 Gl TO & 0.24 4.61 0.0 -0.5 -0.5
APOAPSIS OTM L N P 1

AVERACGE 10N MANEUVER EXECUTION ERROR = +0.1%

+ 1. 0%

STANDARD DEVIATION

DEMONSTRATED 3 SIGMA DELIVERY = -2.9% 'I‘O‘ +3. 0%

Table 1 (cont)




RPM CONSUVABLE SUMWM ? RY AS OF 8/22/96

RPM Consunabl e Used | Lifetine | «used _
71A_Thruster Valve (cycles) | 2260 | 35000 6. 46%
z2A Thruster Valve (cycles) 2267 | 35000 6.48%

— P1A Thruster Valve (cycles) 11433 35000 | 32.67%
F' 2A Thruster Valve (cycles) 10517 35000 | 30.05%
11B/1.2B _Thruster Valves (cycles) __15_3I0__ j 3_5000 __mg;_.;/z;_%:_
S1A Thruster Valve (cycles) 2034 35000 | 5.81%
S1B Thruster Valve (cycles) 255 35000 0.73%
S2A Thruster Valve (cycles) __“__1_825;_ 35000 5.31%
S2B Thruster Valve (cycles) 255 35000 0.73%
B-Branch Latch Valves (cycl es)____ 595 _| 4000 14. 88%
A- Branch Latch Valves (cycles) ) 035 4000 25.88%
400- N Latch Valves (cycl es) 30 4000 | 0.75% j
Oxidizer (kg NTO | 515.95 571.3 90.31%
Fuel (kg MMH) . | 31.5.46_ 353.7 | _89. 19%_|7
Total propellant (kg) l[831.41 | 925, o | 8%9_.8_{3%1 n
Propelllamt Usage Brealkdivown (@) |
,,,,,,,, TCMs /OTMs 739.22 88.91%
HGA Anomaly Activity 49.21 5.92%
. Attitude Control 36.49 | 4.39%
. RPM Maintenance 6.49 | . 0.78%
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